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Retrievals of Low Integrated Water Vapor
Using MIR and SSM/T-2 Measurements
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Abstract—Satellite radiomet_ric measurements at 150,_183:_83, radiometric sensitivity to lowd/ for this case is much higher
and 183.3t7 GHz have previously been used to retrieve inte- than that at 22 GHz [9] and the high-precision retrieval§lof
grated water vapor <1 g/cm over Antarctica. The effects of the 56 gignificant potential value for areas like Antarctica where

frequency dependence of surface emissivity and the variation .
of surface temperature on the retrieval, which have not been the atmosphere is often dry throughout the year [1]. Recently,

closely examined in the studies, are analyzed. Using four days of both Moore [1] and Miaet al.[11] performed a more system-
near-concurrent airborne and satellite radiometric measurements, atic analysis of the problem and each independently derived a

it is shown that the previously derived retrieval algorithm could retrieval a|g0i’ithm_ They app'ied their a|gorithms to the mea-

overestimate or underestimate integrated water vapor by up 10 g, .ements from the Special Sensor Microwave/Temperature-2
0.1 g/cnt, depending on whether the surface emissivity increases

or decreases with frequency. The average of the absolute value of (SSM/T-2) over Antarctica and studied the temporal and spatial
the bias for each flight case studied is< 0.04 g/cn?. Additionally, ~ variations of the retrievedl’. Additionally, surface emissivity
surface skin temperature is shown to vary substantially over a at frequencies near 90 and 150 GHz are readily estimated after
range from 240-270 K during these four days of measurements; yy js determined and surface temperature is independently mea-

the corresponding effect on the retrieval of integrated water vapor : i . .
is comparable to that due to frequency dependence on surface sured [12]. The retrieved emissivity at these high frequencies

emissivity. The quantitative correction needed for this effect is could potentially aid in the studies of snow and sea ice proper-
dependent upon the magnitude of integrated water vapor. At high ties, because snow and sea ice retrievals generally use only the
values of integrated water vapor of 0.6-0.8 g/cfh the corrections transparent channels at frequencied7 GHz [13]-[15].

are as large as 0.1 g/ct for changes of surface temperature of The algorithm of Moore [1] uges only the 1833- and

410 K. A simple procedure is implemented to correct for this
error, which significantly improves the retrieval. Correction for 183.3:7-GHz channels of the SSM/T-2 as well as surface

the frequency dependence of surface emissivity is nontrivial when temperature from model reanalysis data, and thus avoids the
using currently available satellite measurements; in order to prop- impact of frequency dependent surface emissivity. However,
erly correct this e_ffect, an additional channel of measurements, the strong water vapor absorption at 18838GHz limits its
€.g., at 220 GHz, is required. applicability to extremely dry atmospheric conditions such
Index Terms—Millimeter-wave, radiometry, remote sensing, as those found during winter in Antarctica. The algorithm of
precipitable water. Miao et al. [11] primarily uses the measurements from the
. INTRODUCTION 150-, 183.%3-, and 183.37-GHz channels of the SSM/T-2.

. . . ._The technique requires an assumption that surface emissivity
'A.‘TER VAPOR is an important cons_tltuentfor the rfid'ai's constant across the frequency range of 150-183 GHz,
tive energy balance of the planet; in the polar regions

étnd the algorithm is developed at surface temperatufes
remains the most important greenhouse gas [1]. A reliable e 9 P P 8,

: : X ! . .%[Euivalent to those at the lowest levels of an input ensemble
mation of mtegrate(_j watervapor_(W) Is essential for monltpnn& rawinsondes. Wangt al. [16] applied this algorithm to the
the state ofi” and its transport into and out of these regionsg; illimeter-wave Imaging Radiometer (MIR) measurements
this information will potentially improve our understanding o

. ) . ver northern Alaska as well as the Arctic region and retrieved
the state of balance of ice sheets and their corresponding ef%;t

lobal level 121, The retrieval &F Usi tellite mi over both land and sea ice. MIR had an additional channel
on global sea level [2]. The retrieva using satellite mi- ¢ e asurements at 220 GHz [17]; thus, measurements from

crowave radiometry has mostly been performed over the oce ther frequency group of 183:3, 183.3-7, and 220 GHz

surface and near the weak absorption line of 22 GHz [3], [4 éf used to estimald’. It was found that concurremt” values
esti

Radiometric measurements using the strong absorption line mated from the MIR data using both frequency groups

183.3 GHz are generally used for profiling of atmospheric Wat'a{ffered by an amount that could not be explained completely
vapor [5]-[8]. However, for a dry atmosphere wili below measurement or modeling errors. Wart@l. [16] reasoned

about 0.8 g/cr'°n measurements near this strong line can provi é/ o . .
. ’ at this discrepancy was predominantly due to the assumption
an estimate of¥’ both over ocean and land areas [9], [10]. Th8 s ¢ pancy was p ! ycu umpti

f frequency-independent surface emissivity and, therefore,
modified the algorithm to allow for a linear frequency de-
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150-220-GHz frequency range, is its limited usefulness be-the same frequenciés’) compare very well; in particular, the
cause none of the currently available surface-viewing orbitingabsolute value of the bias for the comparisor &6 K for the
microwave radiometers has measurements beyond 183 GHZ.83.3-GHz channels. Consequently, excellent agreement is ob-
Thus, for practical applications, it is necessary to use theserved between thid” values retrieved from the measurements
three-frequency measurements (e.g., SSM/T-2) to estifiate of the two sensors. On average, thé values retrieved from
while recognizing that there is an uncertainty associated withthe MIR are about 0.012 g/chiigher than those retrieved from
the estimation. the SSM/T-2. This is primarily attributable to the slightly lower
In this paper, the effects of surface emissivitpn the re-  7;,(150 GH2 (about 2.7 K) observed by the MIR in comparison

trievals of W are quantitatively examined, using data acquired to the SSM/T-2.
from the MIR measurements gathered during the Winter Cloud Next, it is proven that the retrieval di is affected to a
Experiment (WINCE) [19] and the Arctic Cloud Experiment lesser degree by the dependence(of onv, based on the anal-
(ACE) [20]. Additional radiometric data extracted from near- ysis of the MIR measurements at 150, 18333 183.3t7, and
concurrent SSM/T-2 overpasses are utilized to estifdatand 220 GHz. If the radiometric measurements are limited to the
the results are compared with those derived from the MIR mea-+three frequencies of 150, 1833, and 183.37 GHz, as with

the SSM/T-2, then frequency-independens assumed in the

algorithm [10]. Such an algorithm is shown to overestinidte

TABLE | if £(150) < £(220), and underestimaf@ if £(150) > £(220).
TIMES OF SSM/T-2 O/ERPASSES ANDMIR FLIGHTS .
From the four days of MIR measurements over the Arctic and
Date SSM/T-2 MIR Midwest regions, the overestimation and underestimatidi of
UTC Start UTC End UTC are mostly< 0.1 g/cnt; the absolute value of the average bias
}F:eg g.- igg; }giég iﬁ; %:g; estimated from each of these four days<is0.04 g/cni. Un-
eb. 9, : : : . . . . .
Feb. 12, 1997 16:38 16:41 19-48 fortu_nately, it is not trivial to co_rrect for this error if the radio-
May 20, 1998 23:01 19:23 00:55 metric measurements are available only at the three channels

between 150-183 GHz. Thus, it is important to consider this
error source when applying such an algorithm to retriéive
surements. The algorithm of Mia al.[11] is essentially are-  from the SSM/T-2 measurements. A significant improvement
gression approach based on calculations of brightness tempein the accuracy of this retrieval is possible if the next-gener-
atures from a large ensemble of rawinsonde data. It pertains tation SSM/T-2 sensor includes an additional channel of mea-
a1y equivalent to the average temperature at the lowest levelsurements at 220 GHz.
of rawinsondes used in the calculations and thus cannot effec- Finally, the effect off, on theW retrieval cannot be ignored
tively address the effect of actufi variation on théV retrieval because of the potentially largg, variations that occur in
algorithm. The effect is established as relatively small fdta  areas where the retrieval is valid. From the four days of OLS
variation of £5 K from a simulation study [16]. This effectis measurements over the Arctic and Midwest regions described
reexamined in more detail below using the actual measurementabove, T, varies over a range of 240-270 K; therefore, the
from both MIR and the Moderate Resolution Imaging Spec- correction for thel, effect of up to 0.1 g/crnfor the retrieved
trometer (MODIS) Airborne Simulator (MAS) [21] aboard the W values is proven necessary. To demonstrate the validity
same ER-2 aircraft and the corresponding results are discusseaf these corrections, the previously reported [18] comparison
between the MIR-retrievetd” values with those derived from
the near-concurrent rawinsonde observations is reexamined in
IV. CONCLUSION this paper. It is demonstrated that, after applying the correction
procedure for thd effect, the average difference between the
Four days of near-concurrent MIR and SSM/T-2 measure- M|R-retrieved and rawinsonde-derivdd values is reduced
ments over both the Arctic region and Midwest region of the from 0.072 to 0.035 g/ch Therefore, if concurrer, mea-
continental United States are analyzed to study the effects ofsyrements are available, the retrieval algorithm should include
surface emissivity () and temperaturé; on the retrieval of  the procedure for correction of tHE effect in an effort to
column water vapolV. The thermal infrared; measurements  jmprove the accuracy of tH& retrievals.
from the OLS onboard the same satellite as the SSM/T-2 and
from the MAS on board the same aircraft with the MIR aid in the
analysis. Itis proven that values of brightness temper&i(e)
measured almost simultaneously by the MIR and SSM/T-2 at



